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We argue that deeply virtual Compton scattering will display Regge behavior ναR(t)
at high energy at fixed-t, even at high photon virtuality, not necessarily conventional
scaling. A way to see this is to track the Reggeon contributions to quark-nucleon
scattering and notice that the resulting Generalized Parton Distributions would have
divergent behavior at the break–points. In addition, we show that the direct two-
photon to quark coupling will be accessible at large t where it dominates the DVCS
amplitude for large energies. This contribution, the J = 0 fixed–pole, should be part
of the future DVCS experimental programs at Jlab or LHeC.
It is commonly believed that the DVCS (Deeply Virtual Compton Scattering) amplitude
scales; i.e., at high energy, its energy ν = (s − u)/4. and photon virtuality Q2 dependence
enters only through the scaling variable ξ = Q2/(2ν). However, we have argueda that
instead, DVCS and possibly other hard exclusive processes will have the characteristic Regge
behavior T ∝ ναR(t) at large s at fixed t and photon virtuality Q2. This distinction has been
noted in the past (see, for example, the work of Bjorken and Kogut [2] and the t–channel
analysis in ref. [3]. Here we address the consequences of Regge behavior for Generalized
Parton Distributions (GPD’s). b
Conventional analyses of DVCS are based on the collinear factorization theorem [6] which
expresses the Compton amplitude in terms of the convolution of hard–scattering kernel and
a soft hadronic amplitude, which for the helicity conserving case, is the H GPD [7],
T+(ξ, t) = −
∫ 1
−1
dxH(x, ξ, t)
[
1
x+ ξ − iǫ
+
1
x− ξ + iǫ
]
(1)
This expression is valid whenever the GPD H is continuous at the ”break–points” x = ±ξ.
This continuity is an assumption in the derivation of the factorization theorem [6]. In the
handbag diagram, the longitudinal momentum fraction of the extracted and returning quark
are respectively k+/P+ = x−ξ and x+ξ. Thus the break–points correspond to either quark
having zero momentum fraction and infinite light cone energy. Thus the parton-nucleon
amplitude become singular at the break-points if it has energy dependence suggested by
Regge scattering. Indeed in the case of DIS, it is well–known that structure functions have
aTalk presented by FJLE at DIS09, Madrid, April 29th 2009, see slides [1]. Manuscript number SLAC-
PUB-13694; arXiv:0906.5515 .
bThe origin of Regge behavior in forward Compton scattering and deep inelastic scattering based on the
handbag diagram dates back to the covariant parton model of Landshoff, Polkinghorne and Short [4]. The
analysis was extended to virtual Compton scattering in ref. [5].
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Figure 1: Left panel: low–t Generalized Parton Distributions may present Regge divergences
at the break–points x = ±ξ, H(x, ξ, t) ∝ (x − ξ)−α(t). Right panel: high–t GPD’s are the
sum of an analytic part plus a non–analytic part that vanishes at the break–points. Collinear
factorization then holds, in a regime where Q2 >> −t > M2N .
a strong Regge divergence F2(x) ∝ x
−α(0) when the probed quark has zero momentum
fraction at x = 0. It is thus not unnatural to expect the same for H in exclusive processes
when x → ±ξ. DVCS additionally depends on the squared momentum transfered to the
proton, −t. Reggeons are known to have αR(t) > 0 for small −t and αR(t) < 0 for sizeable
−t > M2N [8]. Therefore, Eq.(1) is expected to hold for some large −t where the GPD
becomes finite, but may not be applicable to small −t. The situation is depicted in figure 1.
In addition to intuitive arguments, we have formally derived the break–point divergent
behaviorH(x, ξ, t) ∝ (x±ξ)−α in [10]. We now briefly recall the demonstration. The hadron
part of the Compton amplitude is a spin–tensor, the matrix element of a product of currents
T µν = i
∫
d4zei
q′+q
2
z〈p′λ′|TJµ(z/2)Jν(−z/2)|pλ〉. (2)
For largeQ2 the z-integral peaks at z2 ∼ 1/Q2 and using the leading order operator product
expansion of QCD we replace the product of the two currents by a product of two quark
field operators and a free propagator between the photon interaction points (z/2,−z/2)
T µν = −ie2q
∫
d4k
(2π)4
Aβα(k,∆, p, λ, λ
′).

[
γµ
(
6k +
6q + 6q′
2
)
γν
]
αβ(
q+q′
2 + k
)2
+ iǫ
−
[
γν
(
−6k +
6q + 6q′
2
)
γµ
]
αβ(
q+q′
2 − k
)2
+ iǫ
 (3)
Here A is the parton-nucleon scattering amplitude [11] with quark propagators included
Aβα = −i
∫
d4ze−ikz〈p′λ′|T ψ¯α(z/2)ψβ(−z/2)|pλ〉. (4)
This is a hadron-hadron amplitude, and as is the case of NN , Nπ, ππ scattering. it is
expected to have Regge behavior [5]. For illustration purposes, from the several spin Dirac
matrices contributing, it is sufficient to pick up one, i.e. corresponding to t-channel scalar
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Figure 2: DVCS differential cross section as a function of the energy for constant scaling
variable ξ fixed by the H1 kinematics [9], Q2 = 8 GeV 2, W = 82 GeV . We argue that the
DVCS amplitude at large s, Q2 is Regge–behaved. This implies scaling violations which
become less prominent for larger t. (The quantity plotted, 2Q2W 2dσ/dt should scale at
LO.) When t is large enough such that α(t) < 0, all Reggeons have receded. The resulting
amplitude at large s is then a real, Q2–independent constant, the J = 0 fixed pole, which
reveals the two–photon coupling of quarks (right).
exchange, A ∝
6kβα
4 δλ′λ. As shown in [10], the forward Compton amplitude γ
∗p → γ∗p in
Eq. (3) reproduces the known DIS properties. However, when applied to DVCS γ∗p→ γp,
it yields a Compton amplitude of the form
T µν+ = −δλ′λe
2
q [n
µp˜ν + nν p˜µ − gµν(n · p˜)]
[(
Q2
ξµ2
)α+s
F+s (ξ) +
(
Q2
ξµ2
)α+u
F+u (ξ)
]
. (5)
From the GPD point of view, this arises because H is a projection of the parton-nucleon
amplitude H(x, ξ, t) ∝ p+
∫
d4k
(2pi)4 δ (xp
+ − k+)A, so the Regge behavior of A (natural for a
hadron-hadron scattering amplitude) is inherited by the GPD in Eq. (1) c.
However, Eq. (1) and (5) come together at large −t. In that case αR(−t) < 0 for
conventional Reggeons and their contribution to the amplitude decreases with s. But a
contribution remains with αR = 0, independent of t and photon virtuality; it dominates the
amplitude at sizeable −t, turning it to a real constant: the J = α = 0 fixed pole (see fig.
2). This contribution is familiar in atomic physics, corresponding to high energy Compton
scattering on the atomic electrons. This constant acts as a subtraction in the dispersion
relation for the Compton amplitude[13]
T+(ξ, t) = C∞(t) +
ξ2
π
∫ 1
0
2dx
x
Im T+(x, t)
ξ2 − x2 − iǫ
. (6)
cA different issue is the inadequacy of the handbag diagram to represent leading-twist diffractive DIS,
even in light–cone gauge[14].
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The value of C∞ is not fixed by the dispersive integral, and its necessity is revealed by the
dynamical insight that the target nucleon’s components which carry charge are elementary,
so that a seagull-like γγqq coupling is actived.
The J = 0 contribution arises from a term in the numerator of the Feynman propagator in
the case of spin-1/2 quarks which cancels the energy denominator; it thus has no imaginary
part and no s dependence (hence its real, constant nature). The resulting seagull–like
interaction extends over t− z, conjugate to k+ and k
′+. This gives it a characteristic γ+/x
dependence:
6 k+ 6 q +m
(k + q)2 −m2 + iǫ
→
γ+
2p+
(
1
x
+
ξ
x
1
x− ξ + iǫ
)
=
γ+
2p+
1
x− ξ + iǫ
−
6 k− 6 q′ +m
(k − q′)2 −m2 + iǫ
→
γ+
2p+
(
1
x
−
ξ
x
1
x+ ξ − iǫ
)
=
γ+
2p+
1
x+ ξ − iǫ
. (7)
Comparing Eq.(1), (6) we find at high enough energy
C∞(t) = lim
ξ→0
T+(ξ, t) = −2
∫ 1
−1
dx
H(x, 0, t)
x
= −2F1/x(t) . (8)
The real part of the DVCS amplitude can be identified by interference with the Bethe-Heitler
amplitude, thus accessing the 1/x form factor of the nucleon [15]. In our recent work [13], we
have been able to establish how the same fixed pole amplitude also appears in reale as well
as doubly virtual Compton scattering, showing its universal character. This extension of
the 1/x form factor to small −t is achieved by analytic continuation in t, defining a valence
part that is free of Regge behavior Hv(x, 0, t) ≡ H(x, 0, t)−HR(x, t),
HR(x, t) ≡ θ(x)
∑
α>0
γα(t)
xα(t)
− θ(−x)
∑
α¯>0
γ¯α¯(t)
(−x)α¯(t)
(9)
F1/x(t) ≡
∫ 1
−1
dx
x
Hv(x, 0, t)−
∑
α>0
γα
α(t)
−
∑
α¯>0
γ¯α¯
α¯(t)
(10)
In conclusion, we have argued that DVCS at fixed −t is Regge–behaved and at large −t one
can extract from it a J = 0 fixed pole contribution which is a distinct part of the handbag
diagram for spin 1/2 constituents. In the case of spin zero quarks, the handbag diagram is
not sufficient to obtain the DVCS amplitude; the seagull is necessary. This gives an energy
independent J = 0 fixed pole contribution to the DVCS amplitude which is independent
of the incident or outgoing photon virtualities at fixed t, which is not given directly by the
GPD–based handbag diagram.
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dA subtraction term is needed for Compton scattering since the low energy amplitude is fixed by the
negative–signed Thomson term; the unsubtracted dispersion relation has the wrong sign. C∞ receives
contributions from the Thomson term and the constant contribution from the dispersive integral, which
curiously enough, Damashek and Gilman[12] found to be small.
eHints of the fixed pole behavior can be seen in the Cornell and Jefferson lab data [16, 17].
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